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inherent  m  all  protein  isolation  i^rocedures  is  the  supposition 
that  the  end  product  obtained  has  an  exact  counterpart  in  the  "native 
state"  of  the  S3'^steia  fror.i  uhich  it  xras  separated  (!)•    'Tith  the 
increasing  refinement  of  anal^rtical  iech-niques,  inan;;^  "pure"  crj^stal- 
Ime  proteins  have  been  shoun  to  be  iietero-  eneous  in  respect  to 
either  their  chemical  or  physical  properiies,  or  both. (2,  3^ 
One  possible  source  of  the  observed  ..licroheterogeneity  in  cr^^stal- 
line  protein  preparations  has  been  ascribed  to  the  effects  of  the 
purification  techniques  e%:)lcyed  :..n  their  isolation  (6,  7).  fhese 
facts  tend  to  cast  doubt  upon  the  initial  supposition  that  the 
cr;>^stalline  proteins  have  exact  counter^jarts  in  'ohe  systems  from 
which  they  were  isolated.    Comparison  of  the  physical  and  chemical 
properties  of  proteins  before  and  after  isolaoion  is  difficult  or 
impossible  in  most  cases,    r.oi-:ever,  soi.ie  work  has  been  done  in  this 
field. 

Studies  of  the  ox^T'gen  dissociation  curves  (j)  and  the  spectral 
adsorption  (9)  of  haemoglobin  in  the  red  blood  cell  and  m  systems 
containinT'.  isolated  haemoglobin  have  indicated  that  Lhis  protein 
in  its  native  environiient  has  properties  different  iro^:!  those 
observed  after  isolation  has  been  aifectea. 

During  a  stud3^  of  the  protein  mteracoions  that  occur  in  milk 


2. 

during  the  processing  and  storage  of  milk  products,  methods  x-jere 
developed  for  invest ig?tting  the  elactropnoretic  mobilities  of  the 
milk  proteins  in  their  native  environment,    a  coi.xparison  oi  the 
elecurophoretic  mobilities  of  a  sa^aple  of  crystalline  beta-lac  to- 
globulin  anc:  the  native  whe^'-  proteins  of  i.nllc  iras  i.iade  in  protem- 
free  whey.    This  paper  reports  results  obtained  curing  this  study 
which  indicate  that  the  isolation  and  cr>'"staliization  techniques 
now  co..iiaonly  e.aployed  to  produce  "pure"  beta-lac toglobulm  do  not 
affect  the  charge  distribution  on  the  surface  of  the  molecules  of 
this  protein.    Crj^stalline  beta-lactoglobulin  is  shox^n  to  have  an 
electrophoretically  similar  counterpart  in  tjie  "native  state"  of 
the  system  from  x^hich  it  was  isolated. 

Since  the  electrophoretic  apparatus  used  in  this  study  is  novel, 
its  design  and  operational  characteristics  are  described  in  some 
detail. 

Equipment  and  xiaterials 

A).    Paper  Strip  electrophoresis  Apparatus:    The  apparatus  used  in 
this  investigation  x/as  a  variation  of  the  simple  design  of  /Junl^el 
and  Tiselius  (lO)  in  whicii  an  electrical  potential  is  applied 
through  large  open  electrode  vessels  to  the  ends  of  a  buffer- 
dempened  paper  strip  sandxiiched  betxNreen  tiro  pieces  of  plate  glass. 
This  design  was  iuodified  to  eliiTimate  the  bullcy  electrode  coiiipart- 
menos  and  minimize  the  amount  of  electrolyte  used  for  an  analysis. 
The  electrical  potential  was  applied  to  the  paper  strip  tlirough 
reversible  silver-silver  chloride  electrodes  e.abedded  in  blocks  of 
agar  containing  ,101  m 


The  apparatus  was  constructed  frorn  tT-io  blocks  of  Lucitei-' 
each  2L"  x  h".    One  block  ^^as  3A"  thick,  the  other  l/2"  thick, 
Tt.7o  rectangular  electrode  comparti.ients  U-l/8"  x  2-1/8"  x  l/2"  were 
iiiilled  out  of  the  ends  of  the  thickest  block.    The  distance  between 
the  inside  edges  of  the  c dap artr -ants  x^as  17-3/8"  •    -electrodes  con- 
sisting of  four  3/8"  0.  D.  coils  of  I/16"  silver  wire  were  placed 
in  each  co.ipartment  and  connected  through  a  I/16"  hole  drilled 
tiirough  the  side  of  each  well  to  teri.nnals  laounted  on  the  side  of 
the  block.    After  the  electrodes  were  electrolytically  plated  with 
silver  ciiloride,  the  wells  were  filled  to  the  top  with  a  hot  2;^ 
agar  solution  containing  1,'^  KCl,    On  cooling,  the  agar  solidified 
around  the  silver-silver  ciiLoride  coils  to  forn  a  stable  reversible 
electrode  systera. 

In  order  to  r.mintam  the  apparatus  at  constant  tei.iperature  during 
operation,  a  water  jacket  23"  x  5"  x  I/I4."  Tjas  cei.iented  onto  the 
outside  face  of  each  blocks 

The  apparatus  was  held  toget/ier  by  six  2"  0  clamps. 

Direct  current  was  obtained  froi.i  a  Spinco  Juostati/  power  pack. 
B).  Protem-Free  "[hey:  A  solution  having  very  nearly  the  sai.ie  compo- 
sition and  ionic  acuivity  as  the  phase  m  which  the  milk  proteins 
are  found  m  their  native  state,  was  prepared  by  aialyzing  200  ml. 
of  distilled  water  against  hO  liters  of  skim  milk.    The  dialysis 
was  carried  on  for  5  days  with  intermittent  agitation  at  5^C.  Ten 
ml.  of  toluene  were  added  to  the  r,iilk  before  dial3-^sis  to  prevent 
bacterial  growth. 

i/  The  mention  of  trade  names  in  this  paper  is  for  identification 
and  implies  no  endorsement  of  the  products. 


C)  »  Native  ■Jhey  Protein  Concentrate:  Skim  Liilk  was  centrifured  in 
the  A  Rotor  of  a  uodel  2,  Spine oi/  Ultracentrifuge  for  60  minutes 
at  57 > 000  X  G  and  23°C.  in  order  to  remove  colloidal  caseinates. 
The  supernatant  solution  xms  further  cenoriluv;ed  in  the  same  rox-or 
for  an  additional  6  hours  at  l50,000  x  G  and  23 °C  in  order  to  con- 
centrate the  whey  proteins.    After  centrifu^ ation,  all  material 
except  the  pellet  and  the  bottoLi  1  ml.  of  solution  was  removed 
from  the  tubes.    The  pellets  irere  broken  up  into  the  resicual 
solution  in  the  tubes  and  allowed  to  stand  at  room  temperature  for 
approximately  l/2  hour,    rhe  material  was  collected  and  centrifuged 
in  a  clinical  centrifuge  for  l5  ^iiinutes.    The  clear  supernatant 
solution  represented  a  concentration  of  whey  proteins  in  uniaodified 
x>rhey.    This  solution  was  held  under  refrigeration  in  an  atmosphere 
of  toluene  for  electrophoretic  analysis.    These  solutions  were 
found  to  be  relatively  unstable,  anc  were  not  stored  for  periods 

in  excess  of  3  days* 

D)  .  Purified  beta-Lac toplobul in;  Crystalline  beta-lac toglobulin  was 
prepared  according  to  the  method  of  Gordon  and  ^iegler  (11 ).  It 
was  recr^/stallized  three  times.    The  crystals  were  collected  by 
centrifugation  and  lyophilized.    The  dried  material  was  stored 
under  refrigeration.    Subsequent  analysis  showed  this  preparation 
to  be  electrophoreticallj^  hoi.iogeneous  m  phosphate  buffer  at  pK  7»5« 

Experii.iental  net  hods 
The  electrophoretic  characteristics  of  the  proteins  used  m 
this  study  were  determined  on  strips  of   /hatman  ,;'l  filter  paper 
22"  long  and  ranging  from  l/2"  to  3"  in  width.    The  type  of  strip 
selected  was  wet  with  the  solution  in  x>rhich  the  analysis  was  to  be 


carried  out.    -..pproximately  2.5  i'il.  of  solution  Here  required  for 
each  inch  of  strip  Tjidtli.    _i:c8ss  fluid  in  t'le  strip  was  removed 
hj  blotting  between  sheets  of  filter  paper.    The  dairp  strip  was 
tiien  placed  on  the  surface  of  the  electrode  contaj....rLn2  plastic 
block  and  ohe  enc.s  of  the  strip  were  brought  into  contact  with  the 
agar  surfaces  of  the  electrodes,    electrical  contact  between  the 
arrar  and  the  paper  strip  was  established  07  adding  an  additional 
drop  of  electrolyte  to  each  end  of  the  strip,    a  saiiiple  ol  the 
protein  solution  to  be  analyzed  was  placed  on  the  paper  near  the 
center  oi  the  strip  m  the  lorm  ol  a  spot  or  a  line  using  either 
a  r.iicropipette  or  a  Spinco^  ap^licaoor.    ^airiple  size  used  ranged 
frorii  1  la:foda  to  10  lav.ibaa  cependin;  on  the  protein  concentration 
in  the  sample  analyzed,    i^vaporaoion  of  vjater  froi.i  the  strip  during 
electrophoresis  was  controlled  by  placing  a  Teflor^^  gasket  l/I^" 
wide  and  approxLiiately  .01  um,  thick  around  the  outer  edge  of  the 
block,     xhs  strip  was  then  covered  with  tue  second  Lucite^  block 
anci  the  two  blocks  were  clajaped  together  using  sii:  2"  C  claiaps. 
An  effort  was  made  to  obtain  uniyorn  pressure  on  the  strip.  The 
apparatus  was  equilibrated  h'f  allowing  i-iater  of  the  desired  tei.rper- 
ature  to  circulate  through  the  jackets  for  a  l5  i;iinute  period  prior 
to  the  start  of  the  analj^sis.     ;ater  teiaperatures  ranging  frora  10^ 
to  23^0  were  used  during  the  study.    Direct  current  was  then  passed 
through  the  strip  for  periods  of  ti-ne  adequate  to  achieve  sufficient 
protein  iiiigration  on  the  strip,  the  intervals  ranging  from  1  to  6 
hours.    On  completion  of  the  run  the  strip  was  removed  trom  the 
apparatus,  dried  in  a  circulating  air  oven  for  20  minutes  at  130*^0, 
and   st.-ained  with  bromphenol  blue  (10 ). 
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The  electrodes  Nere  reversed  in  polarity  after  each  run  in 
order  to  iiiaintain  their  silver  chloride  coating.    If  the  buffers 
used  in  the  analysis  did  not  contain  chloride^  the  electrodes  ijere 
regenerated  electrol3;-tically  after  each  T^-ieek  of  operation. 

The  operational  efficiencjr  of  the  apparatus  uas  deteriiined 
by  coiaparing  strips  obtained  by  its  use  with  those  obtained  using 
a  cOiiiraercial  xiiodel  of  the  Lurruin  type  apparatus  (12  )•    The  fact 
that  the  new  apparatus  was  water  cooled  enabled  ^nuch  higher 
potentials  -  up  to  720  volts  -  to  be  placed  across  the  strip. 
Therefore,  equivalent  migration  and  re solution  could  be  obtained 
in  much  shorter  tlx-.ie  perioc  s  tuan  were  required  b}^  the  use  of  the 
Lurrui.i  t',^e  apparatus. 

An  atteiipt  was  made  to  utilize  gravitational  forces  to 
restrict  electro -osraotic  ilou  of  water  in  the  strip  by  studying 
the  operation  of  the  apparatus  Tihen  the  strip  was  lield  in  positions 
other  than  horizontal. 

The  mobilit;-  of  the  cr^'stallme  beta-lac -ooglobulm  dissolved 
back  into  whey  i-as  compared  with  the  i.iobility  oi  the  whey  prooeins 
which  had  not  been  rei.ioved  frora  tijeir  native  enviroiiiiient.  'hatiiian 
;/-l  paper  strips  were  wet  witi:  protein-free  xjhey,  and  sa-.ples  of 
cr^^stalline  b e ta-1  ac t ogl obul in  dissolved  m  whey  and  native  whey 
protein  concentrates  were  allowed  to  raigrate  through  the  strips 
under  the  influence  of  identical  electrical  potentials.    The  rate 
of  raigraoion  of  the  two  iiaterials  in  ths  native  environraent  of  the 
r.iilk  proteins  x^ias  coiapared. 

In  order  to  deteriiiine  the  effect  of  the  presence  of  colloidal 
caseinates  on  be  ta-1  ac togl  obulin  in  its  native  environiient,  sraall 


7. 

ainounts  of  the  caseinates  initiallj^  centrifufied  out  of  the  milk 
TJere  added  back  to  the  native  whey  protein  concentrate  before 
electrophoretic  analjrsis  in  protein-iree  uhey. 

Results 

It  was  found  that  protein  r;iixtures  could  be  resolved  and 
electrophoretic  mobilities  of  proteins  could  be  validly  compared 
bj  use  of  xoaper  electrophoresis  apparatus  equipped  with  reversible 
electrodes  imbedded  in  a    gelled  electrolyte. 

¥ith  this  apparatus  the  electro-osmotic  flow  of  Tjater  in  the 
paper  strips  (13,  lU)  could  be  greatly  reduced  and  in  some  cases 
could  be  coiiipletel^/  elii.iinated.    Ihis  was  accciplished  by  operating 
the  apparatus  in  a  vertical  or  near  vertical  position  to  allow  the 
force  of  gravity  to  act  against  the  electro- osmotic  forces  operating 
in  the  paper  strip. 

The  low  electrolyte  requirei.ient  of  the  apparatus  made  possible 
the  deteri.imation  of  the  m.obility  of  soiie  of  the  whey  proteins 
in  protein-free  whey.    Crystalline  beta-lac toglobul in  dissolved 
in  protein-free  \<!hej  was  found  to  iiiigrate  through  wiiey  exactly 
as  fast  as  the  fastest  coiuponent  in  the  native  whey  protein  con- 
centrate, when  both  were  subjected  to  fields  of  equal  electrical 
potential. 

Adding  the  caseinate  complex  back  to  the  native  whey  protein 
concentrate  caused  a  slight  shift  in  the  distribution  of  the  fastest 
coi.iponent  tox^rards  the  point  of  origin.    The  leading  edge  of  the 
zone  containing  the  fastest  component  maintained  the  rate  of  migration 
noted  before  the  addition  of  the  caseinate.    The  amount  of  fast- 
moving  prooein  shifted  tor-jard  the  origin  depended  on  the  diameter 
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of  the  caseinate  spot  x-xhich  reniained  at  the  point  of  application 
durinc;  the  analysis*    This  possibly  indicated  that  the  beta- 
lactoglobulin  might  have  been  retarded  by  a  protein-protein  inter- 
action with  the  caseinate  as  it  iiiigrated  across  the  spot  of 
application  at  the  start  of  analysis- 

Summary 

1)  .  A  paper  strip  electrophoresis  apparatus  using  low  volujnes 
of  electrol3rte  was  developed  and  tested. 

2)  .  IJith  the  use  of  this  apparatus  it  was  shown  that 
crjT-stalline  beta-lactoglobulin  has  an  electrophoretically  similar 
counterpart  among  the  Tjhey  proteins  maintained  in  their  native 
environiuent  during  the  period  of  analysis. 

Bibliography 

1)  .    Taylor_,  J.  F.:  In  'I'lie  Proteins,  edited  by  Hens  lieurath  and 

Kenneth  Bailey,  Vol,  1  Part  /l,  pi.  Academic  Press,  Inc., 
rlew  York  1953. 

2)  .    Lens,  J.;  Biochem.  and  Biopnys.  Acta.  2,  76  (l?U8) 

3)  *.    Tallon,  n.  Ho,  and  btem,  vJ.  K. :  J.  Biol.  uhem.  200,  507  (1953). 
U).    Kirs,  C.  H.  fJ.:  J.  Biol.  Uhem.  205,  93  (1953)- 

5)  .    Linderstr/m  -  Lang,  K. ;  Bull.  soc.  chim.  biol.  3$>  (lOO)  1953. 

6)  .    Pirie,  N.  H. :  Biol.  .:ev.  l5,  377  (19U0). 

7)  «    Colvin,  J.  Ross,  Smith,  David  B.,  and  Cook,  W.  n. :  Chem.  r:ev. 

Sh,  637  (19SU)- 

8)  .    Altschull,  A.  J.,  SidTjell,  A.  3.  and  Hogness,  T.  II.:  J,  Biol. 

Chem.  127,  123  (1939). 

9)  .    Adams,  C  A.:  Biochem.  J.i^g,  6I>6  (1938). 

10)  .    ICunlcel,  H.  and  Tiselius,  A,;  J,  Gen.  Physiol.:  35^ 

11)  .    Gordon,    i.  G.  and  Ziegler,  J.:  J.  ikiaer.  Chem.  Soc.  76,  2u7  (195U). 


o 

12)  .    Durrum,  E.  L.:  J.  iiraer.  Chem.  Soc.^  72,  llli  (l950)« 

13)  .    Jeriiijrn,  ii.  A*  and  Thomas      :  iJature,  172,  128  (19$3). 
lli.)»    Block,  Richard  J.,  Durruin,  Ernraett  L.  and  Zweig,  Gunter: 

In  A  iianual  of  Paper  Chromatography  and  Paper  Electrophoresis,  p.  355 
Acadeiiiiq  Press  Inc.,  New  York  1955* 


